The catalytic mechanism of transketolase. Thiamin pyrophosphate-derived transition states for transketolase and pyruvate dehydrogenase are not identical.
Thiamin thiazolone pyrophosphate (TTPP) has been reported to be an effective transition state analogue for the thiamin pyrophosphate-dependent partial reaction of pyruvate dehydrogenase (Gutowski, J. A., and Lienhard, G. E. (1976) J. Biol. Chem. 251, 2863-2866). The kinetics of the interaction of TTPP with transketolase are reported here. TTPP is a competitive inhibitor, with respect to thiamin pyrophosphate, of bakers' yeast transketolase but it is neither a tight binding inhibitor nor a slow binding inhibitor. TTPP decreases the kinetically observed negative cooperativity seen for thiamin pyrophosphate and also decreases the rate constant for the hysteretic activation of the enzyme by thiamin pyrophosphate. We conclude that thiamin thiazolone pyrophosphate is not an effective transition state analogue for the reaction catalyzed by bakers' yeast transketolase. This difference between transketolase and pyruvate dehydrogenase may be related to differences in the polarity of the active sites of the enzymes. It is conceivable that the active sites of the pyruvate decarboxylase subunit of pyruvate dehydrogenase is hydrophobic, by analogy with the known hydrophobicity of the active site of brewers' yeast pyruvate decarboxylase. This hydrophobicity would stabilize a transition state with no charge on the thiazole portion of the coenzyme, similar to the "uncharged" thiazole portion of TTPP. In contrast, the active site of bakers' yeast transketolase, which is known to contain charged amino acid side chains, should be less favorable for such an uncharged transition state. A charge-separated canonical form related to TTPP could be preferentially stabilized in the active site of transketolase.